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Introduction 

The i n t e r e s t  in conductivity measu remen t s  on fluorinated inorganic compounds 
a t  cryogenic t empera tu res  lies i n  the ability of t hese  compounds to f o r m  ions fo r  
possible  synthesis  of potential  solid oxidizers .  In the p re sen t  study we a r e  con- 
c e r n e d  with the conductivity m e a s u r e m e n t s  on solid chlorine and bromine t r i f lu-  
o r i d e s  to de t e rmine  the i r  e l e c t r i c a l  conductivities and the i r  bear ing on s t ruc tu ra l  
p rob lems .  
b e e n  reported for  chlorine t r i f luoride and 8 .0  x 10-3 o h m - l c m - 1  a t  25OC(1) for 
b romine  t r i f luoride.  
s u r e m e n t  of fluorine-containing oxidizers  a t  cryogenic t empera tu res .  
t ions of conductivity with t e m p e r a t u r e  of chlorine tr if luoride have been  m e a s u r e d  
f r o m  -1 1.3OC (b. p . )  t o  -1 30OC (wel l  below m. p. , -83OC) and of b romine  trif luoride 
f r o m  t8OoC to -196OC (m. p. , 8.8OC). Poss ib l e  mechanisms are  discussed.  

Specific conductivit ies of < 10-6 a t  O°C(l) and 10-9 ohm-lcm-1(2)  have 

In this  work  a conductivity cel l  has  been developed fo r  m e a -  
The v a r i a -  

Experimental  

Ma te r i a l s .  - Chlorine and b romine  t r i f luorides  w e r e  obtained f r o m  the Mathe- 
son Co. 
fluoride s c r u b b e r  to r e m o v e  possible  hydrogen fluoride impuri ty  and then fract ion-  
a l ly  disti l led.  

Chlorine t r i f luoride w a s  purified by passing the vapor through a sodium 

Bromine t r i f luoride w a s  used without additional purification. 

Conductivity Measuremen t s .  - Cell  r e s i s t ance  measu remen t s  w e r e  made with 
It is equipped with an  internal ,  1000- 

F o r  m o r e  sensi t ive balance at high 
a Genera l  type 1650-A Impedance Bridge.  
cycle s ignal  sou rce  and tuned null  detector .  
r e s i s t a n c e s ,  a Hewlett P a c k a r d  400L vacuum tube vol tmeter  i s  used as an  e x t e r -  
na l  null de t ec to r .  

The conductivity cel l  is modified f r o m  a conventional type. It is made of 
bo ros i l i ca t e  g l a s s ,  which resists the attack of anhydrous chlorine and b romine  
t r i f l uo r ides ,  and is equipped wi th  two smooth platinum electrodes to  minimize 
e l ec t rode  co r ros ive  effects .  
s i z e  held 1 .5  m m  apa r t  with bo ros i l i ca t e  g l a s s  space r s .  
e l ec t rodes  and leads i s  shown in F igure  1. 
f r o m  the top of the cel l  to a point n e a r  the electrodes and contains a coppe r -  
constatan thermocouple.  
r e s i s t ance  while the c e l l  i s  f i l led with 0. 001 N KC1 solution a t  25OC (ce l l  constant = 
specific conductivity x obse rved  r e s i s t ance ,  where specific conductivity of 0. 001 N 
KC1 a t  25OC = 0.00014695 ohm-1cm-1) .  The change i n  cel l  constant due to  changes 
i n  ce l l  and electrode dimensions has  been calculated to  b e  insignificant to as low a s  
-195OC and i s  therefore  ignored in  this work.  

T h e s e  electrodes a r e  approximately 12 x 25 mm in 
The a r r angemen t  of 

An internal  thermocouple wel l  leads 

The  ce l l  constant i s  determined by measu r ing  the cel l  

The possibil i ty of imper fec t  contact of the solid with the electrode does not 
s e e m  to b e  a problem in view of the uniformity of the curves and reproducibil i ty 
a s  indicated below. 
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Resul t s  and Discussion 

Conductivity Ver sus  Tempera ture  of Chlorine Trif luoride.  - The conductivity 
of chlor ine t r i f luoride has  been  measured  over  the tempera ture  range  f r o m  near  
the boiling point ( t 1 1 .  3OC) to -13OOC. F igu res  2 and 3 a r e  plots of the conductivity 
a s  a function of t empera tu re  a s  the sample of chlor ine t r i f luoride is cooled f rom 
the boiling point a t  a r a t e  of approximately 2 to 3OC pe r  minute. The  conductivity 
inc reases  slightly as  the sample i s  cooled and displays a sma l l  maximum before the 
f reez ing  point ( m .  p. -83OC) is reached.  Below the freezing point the conductivity 
inc reases  rapidly to a s h a r p  maximum. The t empera tu re  v e r s u s  conductivity plot 
(F igure  2)  for  a sample  purified by low t empera tu re  f r a ~ t i o n a t i o n ( ~ )  no longer  has  
the sma l l  maximum occurr ing  jus t  above the f reez ing  point and the maximum peak 
has  been  broadened and displaced to a lower t empera tu re .  It was  thought that the 
broadening of the peak may re f lec t  the presence  of t r a c e  carbon hal ides  o r  ch lor -  

\ ine impur i t ies  which might have been introduced through react ion of chlor ine t r i -  
f luoride with Ke l -F  g rease  used on the stopcocks in  the dis t i l la t ion appara tus .  
Therefore ,  the distillation manifold was rebui l t  using s ta in less  s t e e l  needle valves 

No g r e a s e  was  used in any pa r t  of the dis t i l la t ion equipment 
o r  manifold (F igu re  4).  When the experiment  was repeated the s a m e  gene ra l  t rend  
was  noted, i. e . ,  the disappearance of the sma l l  discontinuity above the freezing 
point, and the displacement  to lower tempera ture  and broadening of the conductivity 
maximum. It is likely that the necessar i ly  
long res idence  t ime in glass (ca.  24 h r . )  required fo r  the dis t i l la t ion r e s u l t s  in 

This  could account for  the enhanved conductivity in 
both the solid and liquid a f te r  low tempera ture  fractionation. 

1~ 
t<- in  place of stopcocks. 
h 
'* 

4 
$, 
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The r e su l t s  are plotted i n  F igure  3. 

1 pickup of ionic impur i t ies .  

Solid chlor ine t r i f luoride has  a negative t empera tu re  coefficient for  the conduc - 4 tivity within a nar row t empera tu re  range below the freezing point. 
t empera tu re  effect is likely due to  a dec rease  in s tabi l i ty  of one o r  both of the pos-  
tulated ionic spec ies  (C1FZt and ClFq-)  with increas ing  t empera tu re  r a t h e r  than 
electronic  copduction. 
ported by the isolation of the compounds ClFzAsF6 and ClFzSbF6 b y  See1 and 

, . Detmer(4)  and C lFzBrF4  by Selig and Shamir .  (5) An al ternat ive possibi l i ty  i s  that  
the solid is polycrystalline and that conduction depends on gra in  boundary surface.  !\. .Such a solid would be  molecular  and conduction would occur  in su r face  and grain 

1. boundary f i lms  where  C lF3  is slightly ionized. 
ed f i lms  i s  great.er than in the bulk liquid s ince ionization would favor  absorption > on the possibly dipolar  solid. The dec rease  in  conductivity with increas ing  t emper -  

\ a tu re  i s  then due to a dec rease  in inner  sur face .  

This  negative 

Indirect  evidence of the exis tence of C1FZt cation is. sup- i 
The portion of ions in such  abso rb -  

b ,  
Conductivity Ver sus  Tempera tu re  of Bromine Trif luoride.  - The  conductivity 

) 
jx 

2. 5 . 0 3  x ohm- l  c m - l ;  l i t e r a tu re  value is 8 x 10-30hm'1 ern-'.(') The  ions 

of bromine  t r i f luoride has  been measured  over  a range of 80 to -196OC (F igure  5) .  
The re  'is l i t t le var ia t ion of conductivity with tempera ture  in the liquid s ta te ;  the 
liquid has  a tendency to supercool .  

Emeleus  F6) repor ted  the exis tence of the ionic equi l ibr ium 

The value of specific conductivity a t  25OC is 

' ' 3  accountin for  the conductivity a r e  probably BrF2' and B r F 4 - .  Woolf and 
! 

2 
2 B r F 3  B r F Z t  t B r F 4 -  

-7 

in liquid bromine  t r i f luoride by the isolat ion of compounds BrF2SbF6 and 
(BrF2)2SnF6 for  B r F Z t  cation and KBrF4,  AgBrFq and Ba(BrF2)z  for  B r F 4  anion. 

L 
Conductivity of solid bromine t r i f luoride decreased  rapidly with tempera ture  

leading to a marked  discontinuity around the melting point ( t8 .8OC).  Another  d i s -  
The re  a r e  two cu rves  with differ-  ' . continuity is observed a t  ca .  -2OOC (Figure  5) .  

"ent s lopes,  a higher tempera ture  portion and a lower t empera tu re  portion. This  is  
s i m i l a r  to the behavior of AgC1, AgBr ,  TlCl  and T l B r  a s  descr ibed  by Lehfeldt.(7) 
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This  suggests  tha t  solid b r o m i n e  t r i f luoride m a y  have an  ionic la t t ice  of BrFzt and 
B r F 4 -  ions and exhibit e lec t ro ly t ic  conduction as these  sal ts .  Phosphorous penta- 
chlor ide,  which conducts to a small extent in the solid,  has  been shown to posses s  
a la t t ice  of PC14t and PCl6-  ions.  
exponential  

Electrolyt ic  conduction is  expressed  a s  the 

-Q / kT  o = o  e 

where  oo is a constant that  can  b e  expressed  in t e r m s  of mobili t ies,  and Q i s  the 
activitation energy.  (9) 
expected that 

F o r  the solid B r F 3  curve  shown in F igure  5,  it is to be  

s ince two p rocesses  a r e  opera t ing .  The activation energy Q1 for  the lower tem-  
pe ra tu re  p rocess  (between -20 and -196OC) is of the o r d e r  of 3 .81  Kca l /g  mole,  o r  
one-eighth the value of Q2. 29. 8 Kcal /g  mole  (between t8.80 to -2OoC), lwhereas  

(2 .  13x10-11 ohm- lcm-1)  is many  o r d e r s  of magnitude g rea t e r  than oo ( 1 . 7 3 ~  
18 -29 ohm -1cr-n-1). 
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Figure 1. Conductivity Cell 

b. 
0 

10-6 

- - 
'E IO' - 
E 
d 

D 

s 
2 10- 

3 . 5  4 . 0  4 . 5  5.0 5 . 5  6.0 6.5 1 . 0  
IC' 

'oQQITemperature [OK) 

C 

Figure 2.  Conductivity oi Chlorine T r d u o r i d e  as a Functlon 
ol Temperature 11) 
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